Bilayer Set-up
The composition of the systems studied is shown in Table S1 . The molecular dynamics (MD) protocol used to prepare our model bilayers is reported in Table S2 . N P T , 1 bar x,y -2 bar z 305 -0.1 5 N P T 1 bar x,y -1 bar z 305 -47 *A harmonic restraint of 1000 kJ mol −1 was applied to lipid atoms only. † This step was performed for the low hydration systems only.
Structural Properties of the Bilayers
Structural properties are summarized in Table S3 . Table S3 : Area per lipid, tilt angle and bilayer thickness for FH and LH models, collected over the last 25 ns of Stage 5 (Table S2 ) and averaged over three independent simulations. The vectors used to calculate the tilt angles are shown in Figure S2 . For all the analyses reported below, configurations of the system were collected every 5 ps and averaged over the final 25 ns of the simulation and over three independent simulations of each bilayer system. The area per lipid (APL), bilayer thicknesses and lipid tilt angles were calculated using the MEMBPLUGIN 1 developed for VMD. 2
Area per lipid
The APL was calculated by selecting a representative headgroup atom for each lipid and then projecting the xy coordinates of each selected atom onto the xy plane of the simulation box. The projection was then used to construct a Voronoi diagram and the area of each polygon calculated. Each polygon was attributed to one of the three lipid species and used to compute an average area per lipid species. In this work we selected the headgroup nitrogen atom for the ceramide 2 molecules (CER[NS]24), the hydroxyl oxygen for the CHOL and the carboxylic oxygen for the C24 fatty acid (FFA24).
The average APL for the systems and the components are reported in Table S3 . The evolution of the average APL of our bilayers and the APL of each membrane component over the last 25 ns of the simulation are shown in Figure S1 . All the APLs converge over the simulated time, as shown in Figure S1 . In general the APL increases in the order FFA24 < CHOL < 
Bilayer thickness
The thickness computation for each frame of the trajectory was based on the mass distributions for selected atoms. The projections of the masses onto the z-axis gave two peaks and the distance between the peaks was taken as the thickness of the bilayer. In this work the headgroup nitrogen atom of the CER[NS]24 was used as the reference atom. Average thicknesses for the systems are reported in Table S3 . In general, the thicknesses of the mixed bilayers are smaller than those estimated for the pure CER[NS]24 (∼49Å). 6 When the lipid ratio changes from 1:1:1 to 2:2:1, the thickness decreases; the opposite trend is observed for the APL. A small variation in both thickness and APL is observed when the water concentration is changed, particularly in the case of the 1:1:1 LH bilayer; in this situation the thickness decreases while the APL slightly increases; no relevant differences are observed between FH and LH in the 2:2:1 system. This is the result of the different tilt angles observed for each of the system studied (see below and Table S3 ).
Tilt angles
The lipid tilt angles are defined as the angle between the vectors defined in Figure S2 and the normal to the bilayer. Average tilt angles for the different lipid species in each system are reported in Table S3 . It is evident that in the LH 1:1:1 bilayer the lipids are more tilted relative to the bilayer normal, than in the FH bilayer. We suggest that this is due to the formation of water pools, which can cause a local distortion of the bilayer. In the case of the 2:2:1 bilayers, no relevant differences in tilt angles are observed by changing hydration level, and consequently we found no appreciable variations in the thickness. 
Lipid conformation
The different conformations assumed by the lipids in the mixed systems are shown in Fig 
Density profiles
The density profiles for the FH and the LH lipid bilayers are shown in Figure S6 . The density of each bilayer component was calculated using the g density tool in Gromacs. 9 In general the profiles are fairly similar between systems with the same level of hydration. In the FH systems, moving from the bulk water to the centre of the bilayer we observe, at first, a flat line corresponding to the water density; as we approach the bilayer, the water density The density profiles of LH systems are fairly similar to the FH density profiles for the main body of each bilayer, but present small differences from the FH at the interfaces. First, the overlap region between the water and the lipids is broader than in the case of FH, especially for the LH 1:1:1 system. This is an artefact due to the formation of small water pools. In areas where water is absent, the lipids of adjacent bilayers can interact and create a network of H-bonds. In particular, the FFA24 tends orient at the interface of the pool surrounding the hydrophilic area, resulting in an overlap of the FFA24 and water densities. It is worth emphasising that in the case of the LH 1:1:1 bilayer, only one peak corresponding to the density of FFA24 is found at the interface; whereas two shoulders are observed in the case of the LH 2:2:1 bilayer, corresponding to the heads of the lipids belonging to different bilayers.
These two shoulders are seen in every system for the CER[NS]24 suggesting that CER[NS]24 tends to remain in the bilayer it began the simulation in, rather than the more flexible FFA24
which can protrude into the adjacent bilayer. 
Order parameters
The lipid-tail-order parameter S Z for hydrocarbon tail atom C n was calculated using the built in g order tool in Gromacs. 9 S Z is defined as
where θ Z is the angle between the z axis of the simulation cell and the vector C n−1 to C n+1 . The order parameters for the FH and LH systems are shown in Figure S7 . The order parameter profiles for all the bilayers are almost identical, with the exception of the FH 1:1:1
system, which appears to be more ordered than the others. This may be an artefact due to the different tilting of the lipids in this bilayer. In general, the CER[NS]24 C16 tail is more ordered in its central region, whereas a slightly higher disorder is found at the beginning and at the end of the alkyl chains, close to the centre of the bilayer. Overall the C24 tails are more disordered than the C16 tails, and they follow the same shape as the FFA24 chains, suggesting that the latter assumes a similar conformation to the CER[NS]24 C24 tails. A high degree of disorder is found at the core region of the bilayer and at the interface with water, where the chains are almost parallel to the normal. Figure S7 : Order parameters for the different bilayer models. Figure (a) : order parameters for the FH (empty symbols) and LH (fully symbols) 1:1:1 models. Figure (b) : order parameters for the FH (empty symbols) and LH (fully symbols) 2:2:1 models. Figure (c) : order parameters for the FH 1:1:1 (empty symbols) and 2:2:1 (fully symbols) models. Figure (d) : order parameters for the LH 1:1:1 (empty symbols) and 2:2:1 (fully symbols) models.
2D thickness and number density maps for the FH models
2D thickness and number density maps (CER[NS]24, CHOL and FFA24 ) for the FH 1:1:1 and FH 2:2:1 bilayers are shown in Figures S8 and S9 .
The thickness was calculated using the the g lomepro packege 10 developed for Gromacs. 9 2D number density maps were calculated in the xy plane using the g densmap tool in Gromacs. 9 
Cluster analysis
In this work, molecules are considered to belong to the same cluster when a partial overlap of the Van der Waals radii of their particles occurs. An in-house code was prepared to analyse the lateral phase behaviour of the lipids in each leaflet. The code was written in the Python language and uses the MDanalysis, NetworkX and Matplotlib packages. [11] [12] [13] At every nanosecond of the trajectory, the nearest neighbours are found by calculating the distances D ij between all pairs of particles i and j. Intervals of 1 ns were chosen to reduce the effect of small fluctuations in the distances between molecules on short timescales.
where R i and R j are the Van der Waals radii of the particles, the atoms are considered connected. At this point if connected atoms belong to two different molecules, then the molecules are considered to be touching. To monitor the evolution of clusters through the simulations, the connections between residues are used as edges in a graph, with the resulting unconnected subgraphs forming the clusters. The cluster size is then simply the number of nodes (molecules) in each graph.
The evolution of the cluster sizes over time is shown in Figures S10-S12. The results were normalised by the number of each type of lipid in that leaflet, to give a probability between 0 and 1 of finding a cluster of a particular size. When looking at Figures S10-S12, it is evident that the CHOL molecules tend to form more stable agglomerates, which consistently grow through the simulation time. This behaviour is observed for at least one leaflet in all the samples analysed. FFA24 shows higher variability, where larger clusters are continuously formed and broken. CER[NS]24 instead, tends to form very long network across the entire membrane. These results are also confirmed by visual inspection of the trajectory ( Figure S13 ).
At the end of the simulation of sample 1, we observed that the CHOL has a high probability of having clusters composed of 7 and 15 in leaflet 1 ( Figure S10a ) while FFA24 has the highest probability of having clusters of 2 and 4. CER[NS]24, which is fairly spread through the system, also fluctuates between clusters of 7 and 15 molecules. The behaviour of the lipids is similar for leaflet 2 (Figure S10(b) ), although smaller clusters are formed for CHOL and FFA24. A similar behaviour is observed for all our samples ( Figure S11 and S12). 2D thickness and number density maps for the LH models The thickness was calculated using the the g lomepro packege 10 developed for Gromacs. 9 2D number density maps were calculated in the xy plane using the g densmap tool in Gromacs. 9 Figure S14 : 2D thickness map and 2D CER[NS]24, CHOL and FFA24 number density maps are shown for sample 1, 1:1:1 LH bilayer; On the left the 2D thickness maps are shown for the bilayers composing the systems while 2D number density maps for each components are shown on the right. Figure S26 : Snapshots of the periodic image of the larger 1:1:1 LH system after 425 ns of MD simulation at 1 bar and 305 K. On the left hand side, side view of the system; on the right hand side, top view of the system (lipids were removed for clarity). Examples of low thickness and high thickness regions are highlighted with black and red boxes respectively. Carbon atoms are coloured in cyan, oxygen in red, hydrogen in white and nitrogen in blue. Figure S28 : From the top: average PMF profile and diffusion coefficients for a water molecule at a given depth along the LH 1:1:1 bilayer at T = 305 K. z = 0 corresponds to the interface region between adjacent bilayers. The black and red lines represent the PMF profile through a wet and a dry region respectively. The error bars show the standard deviation obtained from seven (PMF profile along a wet region) and two (PMF profile along a dry region) independent samples. At the bottom, density profile for CER[NS]24, FFA24, CHOL and water. CER[NS]24 is coloured in black, N23 in red, CHOL in green, FFA24 in blue and water in cyan. The error bars show the standard deviation obtained from three independent simulations.
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